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Abstract 
Research on facilitated discrete event simulation (DES) is gathering pace but there is still a need to put 
forward real examples to explain the process to newcomers. This paper is part of a line of research on 
the methodology of facilitated DES. In this paper we explain in more detail the facilitation process and 
the tools used to support the experimentation and implementation stages in a DES study involving 
workshops with a group of stakeholders, after an initial simulation model has been coded on the 
computer. A real case study is used to describe the process followed and the interactions at the 
workshops. Extracts from the transcripts are also included, with the view to providing evidence of the 
stakeholders’ involvement and their mood during the workshops. We conclude with a discussion on 
the process and tools used to support the facilitation process. Future research directions are also put 
forward.  
 
Keywords: Problem structuring, Facilitated modelling, Experimentation, Implementation, OR 
in Health Services. 
1. Introduction 
Facilitated discrete event simulation (DES) offers an alternative mode of engagement compared to the 
traditional expert mode of undertaking DES, where the focus is on an individual client rather than on a 
group of stakeholders. The expert mode encourages the operational researcher(s) to use the 
simulation model to undertake an objective analysis of the client’s problem and then recommend 
optimal or quasi-optimal solutions (Franco and Montibeller 2010). In facilitated DES the aim is for the 
operational researcher(s) to use the model in a workshop(s) with several stakeholders to enable a 
subjective analysis, where the solutions are viewed as feasible and desirable, whilst taking into 
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account environmental constraints. This subjective analysis allows for multiple views to be expressed, 
with the group eventually converging to one common view. 
Facilitated DES research is gaining momentum and could have a considerable impact on DES applied  
to service-based industries such as healthcare where there is a recognised need for multiple and 
diverse stakeholder involvement (Wilson, 1981; Lowery, 1994; Jun et al, 1999; Fone et al, 2003; Gunal 
and Pidd, 2005; Eldabi et al, 2007; Pessôa et al, 2015; Baril et al, 2016). Indeed recent evidence 
suggests that simulation in healthcare is perceived differently and specifically considered more 
difficult compared to other sectors (Tako and Robinson 2015). Quite often this is due to the complex 
nature of healthcare systems which involve multiple stakeholders with distributed power and 
knowledge.   
More research is needed in facilitated DES for it to become a common mode of practice in healthcare 
simulation. Existing research in facilitated DES considers: the process of engaging a group of 
stakeholders in workshops (Robinson et al 2012; Robinson et al 2014), the framework that could be 
deployed (Tako and Kotiadis 2015), the processes and tools for pre-model development stages 
(conceptual modelling) (Kotiadis et al 2014) and making the model-development (coding) phase more 
facilitated (Proudlove et al 2017). An area of facilitated DES research that is not sufficiently addressed 
is the process followed after the development of an initial simulation model on the computer. In this 
paper we refer to these stages collectively as the post-model coding stages for the sake of clarity.  
Similarly, we also refer to the stages prior to the development of a computer simulation model as the 
pre-model coding stages. This does not mean that modelling does not take place in the pre- or post- 
model coding stages. Indeed in pre-model coding, modelling can involve for example the use of Soft 
Systems Methology tools to conceptualise the system, whereas some model coding continues to take 
place in post-model coding, due to the iterative nature of the modelling process.  
Robinson et al (2014) suggest that future research should describe the process that a facilitator 
follows in a workshop using real examples of facilitated DES. This paper focuses on the process 
followed as part of the experimentation and implementation stages  of the PartiSim framework (Tako 
and Kotiadis 2015). We use a real case study in health care to describe the process and interactions 
between the group of stakeholders and analysts that took place in two facilitated workshops. The 
interactions in the former workshop are aimed at exploring the solution space (experimentation stage) 
and in the latter workshop at narrowing the solution space to feasible and desirable action to be taken 
by the stakeholders (implementation stage). We describe the suggested workshop activities that could 
be used to inform other studies.  The work presented in this paper contributes primarily towards the 
practice of facilitated DES by describing the activities undertaken. We provide evidence using extracts 
from workshop transcripts. Secondly, we introduce the use of tools to support a group (stakeholders 
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and analysts) to achieve the aims of  the facilitated DES workshops following the development of an 
initial simulation model.  Pre-model coding tools that aid the facilitation process during the pre-model 
coding stages (conceptual modelling) have been already reported in Kotiadis et al (2014).  
The paper is structured as follows. The following section explores the existing facilitated DES literature 
and focusses more specifically on facilitation in the experimentation and implementation stages of 
DES. The process followed is then demonstrated in a real life case study, describing also the tools (new 
and existing) used to support this process. A discussion follows with reflections on the process and 
tools used to support facilitated post-model coding. This section also puts forward practical 
considerations and future research directions. 
2. Background  
A little over 15 years ago Taket (2002) noted that facilitation was emerging as a term and listed a 
number of existing books (e.g. Taket and White (2000)) and articles (e.g. Huxham (1991); Phillips and 
Phillips (1993); White and Taket (1994)), none of which included facilitated discrete event simulation, 
although Group Model Building had already established itself (Vennix 1999). The term facilitation has 
only been adopted in the last few years by the DES community (van der Zee 2007; 2011; Tako et al 
2010; Barjis 2011; Tako and Kotiadis 2012a, b, 2015; Kotiadis et al 2014; Robinson et al 2014) but 
nevertheless ahead of other hard OR approaches (such as linear programming, combinatorial 
optimisation, etc.) that appear to have not yet explored the opportunities that facilitation has to offer.   
Franco and Montibeller (2010) describe the differences in expert and facilitated mode for OR 
consultancy. In expert mode the stage of evaluating options, which would follow the development of a 
model, is described as ‘a model is solved by the operational researcher, and optimal solutions for the 
problem are found’ (p 490). In contrast the same stage in the facilitated mode is described as 
interactively evaluating options with the management team with the consequences of each option 
being assessed. Indeed all the stages they compare have a different focus under the different modes.   
In the analysis that follows we classify modelling activities into three broad categories: 1) pre-model 
coding to include understanding the problem and conceptual modelling, 2) model coding, including 
data collection and building the model code onto the computer and 3) post-model coding to include 
experimentation with and/or implementation of the model. 
2.1 Facilitated DES  for the experimentation and implementation stage 
The post-model coding stages in Facilitated DES generally have a different focus to the expert mode. 
Similarly to OR consultancy in general, in DES the focus for the facilitated mode is on the 
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communication and exchange with the client group and the focus of the expert mode is on the model 
and its findings. In expert mode DES, the stage of experimentation refers to two clusters of activity. 
The first is about obtaining accurate results on the performance of the model using statistics and the 
second is about searching the solutions space again utilising statistics (Robinson 2014). In expert 
mode, implementation is about implementing the findings of the simulation model. This stage has 
some overlap in its focus with the facilitated mode of simulation as it does require communication 
with the client(s) but does not support the client beyond reporting the simulation output ususally in 
the form of a report or presentation.  
Facilitated DES could learn a great deal from Group Model Building (GMB) given the level of maturity it 
has reached as a field (Vennix 1996). Indeed some facilitated DES approaches have been influenced to 
some extent by GMB such as the use of workshops (Tako and Kotiadis 2015; Robinson et al 2014), the 
idea of following a structured process within a workshop (Kotiadis et al, 2014) with supported 
guidance for activities within a workshop (known as scripts in GMB) (Kotiadis and Tako 2010). Looking 
more specifically at post-model coding stages in GMB, the process followed varies, however the 
common elements reported in the literature include model testing and strategic policy development 
(Vennix 1999, Richardson and Andersen 1997, Rouwette, Vennix and Thijssen; 2000), due to the 
different perspectives taken in system dynamics (the modelling tool used in GMB) focusing primarily 
on the feedback effects. The models are based on stocks and flow structures which are expressed into 
partially differentiated equations that represent the relationships between the variables. In DES the 
models are object-oriented, representing the entities and/or people flowing through the system. Even 
though the aim of the activities undertaken in GMB and facilitated post-model coding DES is the same, 
the type of activities and discussions that take place during experimentation and implementation is 
different. This is driven mainly by differences in model representation and modelling philosophy taken 
(Tako and Robinson, 2009). Hence considerable independent facilitated DES research is needed to 
guide simulation modellers in the process and to make the ‘art more of a science’.    
 
We now look at existing facilitated DES studies and consider the steps followed focusing especially on 
the post-model coding stages and identify the frameworks developed, if any.  
Adamides and Karacapilides (2006) put forward the framework of the Group Model Building by 
Selection and Argumentation (G-MoBSA) methodology which appears to be largely focussed on pre-
model coding facilitation and the model coding, which is not to say that post-model coding is not 
supported. The objective for this approach is to reach an accommodated stakeholder view of the 
process (the existing or future) process in a specific modelling formalism. As this approach can support 
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remote and asynchronous participation using an ICT infrastructure it is a very different interpretation 
of facilitation from the studies we consider next.  
Den Hengst et al (2007) reports on a collaborative simulation study for a Dutch airline carrier, that 
combines group support with simulation modelling. They follow a facilitated modelling approach with 
five basic activities: conceptualisation, model building, development of alternative models, selection 
of preferred solution and implement solution. Six facilitated meetings with different members of the 
stakeholder team are held. Those attending these meetings are invited based on the level of decisions 
to be taken at the different stages/meetings. As a result of the study a large and detailed model was 
developed outside the workshops, which was not possible to run live to discuss in the workshops with 
the stakeholders. Instead a smaller version of the model was used in the workshops. Post model 
coding workshops involved only the management team and concentrated on validating the model, 
considering alternatives and choosing a direction for the future.  
Robinson et al. (2014) provides empirical evidence of carrying out facilitated modelling with a group of 
healthcare professionals at an outpatient’s eye clinic, as part of a lean improvement workshop, hence 
called SimLean. The lean workshops were held in two whole day sessions (Monday and Wednesday), 
with the DES model being developed in the day between the two workshops. In day one the 
participants developed process maps using sticky notes and identified estimates for main variables in 
the system. A simple model was built in between workshops, which was then presented to the 
participants in the second day of the workshop and used to discuss lean improvements. The authors 
put forward the steps followed during the process but did not report using tools to support the 
facilitation process in the workshop.  
Tako and Kotiadis (2015) propose a framework for healthcare, called PartiSim, which stands for 
participative (discrete event) simulation. The framework is designed to support the modellers’ 
interaction with a group of stakeholders throughout the whole DES study lifecycle. It includes a 
number of prescribed activities and corresponding stakeholder-oriented deliverables (outputs) for 
each stage of the simulation study, which enable participative and facilitated DES modelling to take 
place. PartiSim is formed of six key stages and five sub-stages. The key stages include: 1. Initiate 
simulation study; 2. Define Problem; 3. Define conceptual model; 4. Model Coding; 5. Experiment with 
model; 6. Implement Findings. The sub-stages support the main stages, either to prepare for the 
workshop-based stages or to tidy up outputs developed in workshops and confirm these with the 
stakeholders. Model coding, a middle key stage in PartiSim, is not undertaken in a facilitated mode 
and that is acceptable practice in facilitated DES (Robinson et al 2014). The least explored aspect of 
PartiSim are the post-model coding stages, which include experimentation, i.e. searching the solution 
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space, and implementation, i.e. establishing action to be taken. These are explained in more detail in 
the case study part (section 3) of this paper. 
We now broadly compare the studies above to each other, to identify any common ground. If we start 
by comparing PartiSim (Tako and Kotiadis, 2015) with SimLean (Robinson et al 2014), we immediately 
note that PartiSim workshops are shorter in time (e.g. aimed at two hours long) and more spread out 
(e.g. weeks apart) (Kotiadis et al 2014) whereas in an example of SimLean (Robinson et al 2014) it is 
described as two full days that encompasses the pre-model and post-model coding stages, 
respectively. If we compare PartiSim’s post-model coding with an example outside of healthcare such 
as den Hengst’s et al (2007), we note that the latter process is described as dedicating four out of the 
six key stages to post-model coding. This is twice as many key post-model coding stages as PartiSim. 
These differences will inevitably have an effect on facilitation and on the design of the workshop 
activities which is why a greater number of studies across different domains needs to be reported in 
the literature. We will continue these comparisons in our discussion section. 
We next review the use of tools to support post-model coding facilitation in DES. 
2.2 Tools for Facilitated Modelling 
Robinson et al (2014) and Barjis (2011) identify the need for pre-model coding tools to assist the 
process of facilitation. Similarly, den Hengst et al (2007) suggest the need for developing aids and tools 
that can support the facilitation process and stakeholder engagement in the workshops. Kotiadis et al 
(2014) have put forward tools that aid the pre-model coding stages, which form conceptual modelling. 
These tools are not suitable for post-model coding because the outputs differ between these stages. 
PartiSim tools have been designed to fit the outputs of its intended stage (more details follow in 
section 3 below). Hence we will distinguish PartiSim tools from general facilitation tools used to record 
and enable general debate that could be used in theory at any stage. For example, Group Support 
Systems (GSS) used by den Hengst et al (2007) offer anonymity, parallel input and group memory. GSS 
are said to support five different patterns of collaboration: divergence (e.g. brainstorming), 
convergence (clarify and reduce), evaluation, organization, and building consensus (Briggs et al, 2006). 
For more information on GSS we refer readers to look at the following (Nunamaker et al, 1991; 1997; 
Tyran et al, 1992; Fjermestad and Hiltz, 1998–1999; Davison and Briggs, 2000; Briggs et al, 2003; 
Adamides and Karacapilides 2006).  
2.3 Review summary  
Reflecting on the literature reviewed we make the following key observations. Unlike the pre-model 
coding stages (Kotiadis et al, 2014), the PartiSim stages after an initial model is developed and then 
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used to inform discussions (what we call post-model coding stages)  have not been explained in detail 
so it is not clear how they compare to the stages that other facilitated studies have put forward. 
Furthermore, no tools have been put forward that can specifically support the post-model coding 
stage, unlike the pre-model coding stages that benefit from tools (Kotiadis et al 2014). Barjis (2011) 
makes the point that facilitated DES would benefit from the development of tools to support the 
process. We next explain PartiSim’s post-model coding stages in practice using a real example in 
healthcare and itroduce the tools that we found useful in supporting the process.  
3. Overview of the PartiSim experimentation and implementation stages  
PartiSim’s (Tako and Kotiadis 2015) post-model coding stages include two main workshops: the 
experimentation (stage 5) and implementation (stage 6) and the relevant pre-/post- workshop sub-
stages (4.a, 5.a and 6.a). Earlier stages (stage 1 to stage 4) are detailed in Tako and Kotiadis (2015). 
Table 1 below provides a list of the post-model coding stages and the specific  activities taking place, 
the suggested tools used (these are paper based and freely available) with their manuals which 
support the process of using the tools to reach to the prescribed dedicated outputs for each stage. 
Some scripts are also provided, aimed mainly at the facilitator. These are different from the tools or 
manuals in that they include advice to support the facilitation process for activities that do not require 
any  specific tools to be used.  
Table 1 The post-model coding stages in PartiSim (Adapted from Tako and Kotiadis 2015) 
Stage & purpose Activities1 Tools Outputs2 
4.a Pre-workshop 3 sub-
stage 
 
Purpose: 
Preparations for Workshop 3 
- Prepare preliminary materials for use in 
Workshop 3 (stage 5): 
• Liaise with the project champion over 
correctness of model & its results 
(modeller and project champion) 
• Review preliminary scenarios with 
project champion  
• Prepare preliminary materials for use 
in the next workshop 
  
Model results 
Model validation and 
verification 
Preliminary future 
scenarios 
5. Experimentation stage 
(Workshop 3) 
 
Purpose: 
Define alternative scenarios 
to experiment with model 
Stakeholders are invited to: 
- Validate the simulation model & its 
results 
- Rate performance measures (linked to 
model results) 
- Debate desirable and feasible scenarios 
Model validation tool 
 
Rating the Performance 
Measures tool (or VISA) 
with manual  
 
Debating the Alternative 
Scenarios tool with manual  
Model validation and 
verification 
 
Alternative future scenarios 
5.a Post-workshop 3/ Pre-
workshop 4 sub-stage 
 
Purpose: 
Refine alternative scenarios & 
prepare for Workshop 4 
 
Modelling team: 
- Tweak or correct simulation model 
- Implement additional scenarios suggested 
(based on stakeholder feedback from 
Workshop 3.) 
- Liaise with the stakeholder team over 
correctness of model results 
- Prepare preliminary materials for use in 
Workshop 4 
  
New alternative future 
scenarios 
 
Revised simulation model 
 
Revised model results  
6. Implementation stage 
(Workshop 4) 
 
Purpose: 
Define an implementation 
Stakeholders are invited to: 
- Review learning & changes implemented 
- Risk analysis and feasibility of change 
- Agree action trail 
Script for Identifying 
changes in the system 
 
Feasibility and Risks Scale 
tool with manual 
 
Agreeable and feasible 
scenario(s) to be taken 
forward 
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plan  
Barriers to Change tool 
with manual 
 
Action and Communication 
Plan tool with mannual 
Action plan with 
deliverables (including due 
date and person 
responsible) 
1 Two types of activities: modelling activities and workshop activities. Workshop activities are shown in italics.  
2 Outputs represent stakeholder-oriented deliverables 
3.1 Stage 5: Experimenting with the model 
The aim of this stage is to define alternative scenarios and relevant changes to experiment with the 
simulation model, not necessarily choosing the most preferred scenario. It takes place in a workshop 
setting. The process followed during this workshop is closer to the interactive experimentation 
approach in DES (Robinson 2004), where the aim is to develop a general understanding of the model 
and its key problem areas. The main activities undertaken in the experimentation workshop are next 
described, referring to the dedicated tools  and facilitation guidance.  
Validate the simulation model and its results. In this workshop stakeholders initially explore the 
computer model to determine if it is valid for its use. A live demonstration of the model structure is a 
means of generating confidence in the model and its results (Barber 1977). Stakeholders and 
modellers can use the Model Validation Tool (Table 1), a paper based tool, to reflect on the model and 
record any changes needed to improve its validity. The responses on the tool form can be collated by 
the modelling team. If the model is deemed sufficiently valid  the workshop can proceed to the next 
activity. 
Rate performance measures. The stakeholders revisit the performance measures identified in a 
previous workshop (part of conceptual modelling) and rate them according to their importance using a 
paper based tool or the VISA software (www.visadecisions.com). The process followed to use this tool 
is captured in a manual (Kotiadis and Tako 2010), which operates similarly to GMB scripts (Andersen 
and Richardson 1997). This activity contributes  to the next activity aimed at helping the stakeholders 
to reduce the solution space, i.e. identify scenarios that achieve improvement of performance 
measures.  
Debate desirable and feasible scenarios. The stakeholders are shown the preliminary future scenarios 
which are used to encourage debate. These are intended to help them determine the feasible and 
desirable solution space and define relevant alternative scenarios (Table 1 column: Outputs) within it. 
The modelling team prepare these preliminary scenarios prior to the workshop (sub-stage 4.a). After 
workshop 3 (stage 5.a), the modelling team undertakes further experimentation in order to obtain 
statistically significant results (Robinson 2004). A report outlining the model results and findings is 
subsequently prepared and sent to the stakeholders for reflection (stage 5.a).  
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3.2 Stage 6 Implementation stage 
The final PartiSim stage, implement findings (workshop 6), is undertaken in a workshop setting, which 
is based on the learning achieved so far during the simulation study. Stakeholders are invited to 
express their views and to debate their plans for the future. The workshop aims to move the 
stakeholders away from the model and its findings towards gaining an understanding of the present 
and future implications of each scenario. Feasible and desirable changes can be identified, in order to 
enable action to be taken in the real system. Developing change plans, planning for training and 
exploring the impact of system implementation can develop favourable attitudes toward the model 
and the study (Hoover and Perry 1990).The main workshop activities are next described. 
Review learning & changes implemented. A facilitator may summarise the findings of the most 
promising scenarios explored in the computer simulation model which will have been described in the 
report sent to the stakeholders prior to the workshop. An important aspect of the implementation 
workshop is to create awareness of the learning generated throughout the study as this is one of the 
main benefits of DES studies (Robinson 2004). The modellers/ facilitator may need to intervene in 
creating awareness of the learning achieved (Nisbett and Wilson 1977; Robinson 2004; Rouwette et al. 
2009), which can in turn help develop actions to address their problematic situation. A script is 
available with a number of leading questions to support the facilitator undertaking this activity. One 
example of a question in the script is ‘Have any changes been (already) introduced to your system?’. 
At the end of this activity the facilitator and modelling team will have captured some of the learning 
but also captured action that has already taken place during the study. This could mean that the 
implementation of a scenario has already taken place in part or fully.  This is the first activity in the 
workshop given that subsequent activities such as considering the feasibility of a change or taking 
action might not be necessary. 
Risk analysis and feasibility of change. Next, the risks and feasibility of each change in a potential 
scenario are discussed in order to agree on a preferred scenario(s) to be pursued. Roberts-Gray (1985) 
suggests that supporting the stakeholder team in overcoming barriers to change is a key factor to 
enabling the success of implementation plans. Barriers are positive and negative elements, as called in 
scenario planning (Schoemaker 1995), which include also psychological perceptions (Ajzen 1991) that 
may hinder the stakeholders from taking action. Ajzen (1991) maintains that communication that 
attacks believed constraints can produce changes in attitude towards a behaviour. Hence debate and 
discussion is considered important to challenge attitudes and perceptions towards change. To add to 
this line of argument, for debate to lead to implementation, Schultz et al. (1987) explain that debate 
and the unveiling of the diversity of opinions is likely to change future management strategy because 
discussions help to change management’s own values, personal beliefs, and attitudes. Debate and 
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discussion is important to challenge attitudes and perceptions towards a change, and communication 
and involvement can provide further support for change. Also at this stage clients may agree with a 
decision to be made, i.e. to increase the number of appointments provided to improve efficiency, but 
this requires consideration of aspects related to it that may have not been even included in the 
modelled such as bed availability, senior managements willingness to invest, staff willingness to make 
the change, etc. This acivity aims to surface this tacit knowledge so that an action to tackle this can be 
assigned in the following activity. During this activity the  facilitator might use a tool to rate the 
feasibility of each scenario. Feasibility and Risk Scales tool and its manual (table 1) offers a structured 
process to explore scenarios in sequence starting with the preferred one.  
Agree action trail. Having agreed on a promising scenario (or scenarios), further analysis is undertaken 
to explore any additional changes needed (going again beyond the changes to the inputs of the model) 
for the implementation of the scenario and to challenge any remaining psychological and physical 
barriers. This approach also explores the expected benefits of any additional changes.  The Barries to 
change tool and manual (Table1) is used for this activity. If the stakeholder group are sufficiently 
confident in the scenario (Table 1 column: Outputs), an action plan is next determined, with clear 
actions, including what, by when and who is responsible (Table 1 column: Outputs). An action and 
communication plan tool with its manual can assist the facilitator in this process. The development of 
this tool has been influenced by SSM’s stage of determining action (Checkland 1999) to be taken 
where it is common practice to record the action and the responsibility for  it.  The end of the 
workshop marks the end of the intervention process, however the implementation of change(s) 
continues beyond Workshop 4. 
We next explain the activities described above as they were followed in the post model coding stages 
in an intervention of an obesity care study. Extracts form stakeholder-led discussions that took place 
are also provided. 
4. Case Study 
4.1 The context 
The case study is about a UK’s National Health Service centre offering patients with morbid obesity 
lifestyle, pharmacotherapy and surgery treatment options. For confidentiality reasons we will not refer 
to the centre by its name. The study was commissioned to the modelling team by a group of 
stakeholders based at the aforementioned centre on a pro-bono basis with the understanding that the 
group of stakeholders participating would be involved throughout the modelling process.  At the time 
of this research (early 2010) the centre was just about meeting the demand. However, in the long 
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term, they recognised that they would be running the risk of building long waiting lists, with patients 
experiencing long waits and risk breaching government directives, such as the 18-week target (patient 
maximum wait time from referral to first treatment) set by the Department of Health in the UK 
(Department of Health, 2004). 
A stakeholder group of around 12 had accepted the invitation to participate in the workshops. A key 
stakeholder took on the role of project champion without encouragement from the modelling team 
and the individual involved already led a number of meetings and other research activities for that 
group.  The project champion, who was a physisian facilitated the exchange of 
information/understanding between stakeholders and researchers especially during the pre-workshop 
stages of 4.a and 5.a (Table 1).  However keeping track of the stakeholders in these particular 
workshops was not straightforward as they took place on a hospital site and some people arrived late 
or left early. For the sake of prudency we can say that between six and twelve people were present at 
any moment during these workshops. The workshops were organised in two hour slots each. The 
stakeholder group consisted of a wide representation of different parts of the obesity care system, 
including healthcare professionals (surgeons, doctors and nurses) of different seniority from a range of 
specialties such as general surgery, chemical biochemistry, anaesthetics and endocrinology as well as 
members of the senior management team. The modelling team involved three analysts (two of them 
were the authors, who have extensive experience of DES modelling using off the shelf simulation 
software), who took on different roles, that of the facilitator, modeller, recorder (note keeper) etc. 
during the period of the project.  
It should be noted that in our interactions with the stakeholders as part of the pre-model coding 
stages of the study (for more details please refer to Kotiadis et al 2013), it was agreed that the aim of 
the study was to identify the impact that an increase in resources (surgeons and physicians) and/or a 
reduction of patient referrals (lower referral rates) into the service, would have on the 18-week target. 
More specifically, the finally agreed simulation study objectives were:  
Objective 1: To explore reducing the waiting list for the surgical clinics, pharmacotherapy clinic and 
patient education by incrementally increasing the number of surgeons and physicians to a maximum 
of three and two respectively as well as reducing first time referrals. 
Objective 2: To explore reducing the percentage of patients that breach the 18-week target by 
incrementally increasing the number of surgeons and physicians to a maximum of three and two 
respectively. 
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Objective 3: To explore reducing the percentage of patients that breach the 18-week target by 
managing demand through a reduction in patient referral rates into the service. 
The simulation model was built in Simul8 (www.simul8.com) because it was readily available to the 
modelling team and the team were familiar with using it. A screenshot of the base simulation model is 
provided in Figure 1. Model coding took approximately two to three weeks but the model coding 
period spanned a longer time frame because modifications and iterations took place as a result of 
feedback received from the stakeholders and also due to other factors such as public holidays and 
getting hold of data. 
The readers should note that although we describe the process of experimentation and 
implementation we do not provide a lot of detail of the solution space as our aim is to describe the 
workshop experience and explain the tools used to support facilitation. Instead we provide some 
snippets of the workshop transcripts to provide readers with a sense of the interactions. However 
further information on the actual scenarios and the associated findings can be found in Tako et al 
(2014).  We next describe the post-model coding process followed. 
 
Figure 1: Screenshot of the Simul8 model of the current situation of the obesity system 
4.2 Sub-stage 4.a Pre-workshop 3  
After a working (initial) model was developed, and before proceeding to the experimentation 
workshop (Workshop 3 in PartiSim), the modelling team held a meeting with the project champion 
with the view to pre-validating the model. Furthermore, some preliminary scenarios for 
experimentation were also discussed with the project champion. These scenarios and the results were 
prepared before the workshop and aimed to provide the workshop participants a good starting point 
for exploring the solution space rather than simply turning up with a base model (Figure 1). As part of 
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the preparations for workshop 3 the modelling team prepared materials (e.g. slides and handouts) and 
practiced the process to ensure good communication on the day. 
4.3 Stage 5: Experiment with model (Workshop 3) 
This workshop was organised around three objectives: to validate the simulation model and its results, 
rate the performance measures and to debate the desirable and feasible solution space. 
Validating the simulation model and its results 
The workshop started with a structured ‘walk through’ of the computer model of the current situation. 
The participants had met a few weeks earlier to participate in the relvant workshop for developing the 
conceptual model. This was the first encounter with the simulation model for the workshop 
participants, except for the project champion. Hence it was important to dedicate a good fraction of 
workshop time to this activity (approx. 45 minutes). During this time, the stakeholders were given the 
opportunity to absorb the new information, to familiarize themselves with the model and its 
animation, how the logic works, its results, and ask questions. Explaining the model in such detail has 
been identified as important in collaborative simulation where models are expected to be understood 
by the participants and run in seconds (den Hengst et al 2007). The model in this case study could be 
run in a few seconds.  
The facilitator encouraged participants to engage by posing various questions on whether their system 
has been adequately represented in the model. Many of the participants asked questions in return 
and some heated discussions took place about the inputs into the model. The project champion played 
a crucial role in this stage to maintain participants’ confidence in the model. He acted as an advocate 
of the simulation model by explaining the assumptions made to the rest of the participants, in 
language they were more familiar with. He explained where the data came from and why the results 
of the base model were realistic. For example: 
“… what they (the modellers) have done is they’ve combined that number, that 70 and that 58, so that’s for the 
waiting list for surgery, so this is looking at a combination.” [Project champion] 
Some modifications to the model were suggested during the discussion, such as adding surgical 
complications into the model. The modifications, which were captured with the model validation tool 
(Table 1), did not invalidate the model, but extended its detail. The modelling team considered this as 
a good sign firstly because it meant the stakeholders understood the model well enough to ask for 
extensions and secondly because the ownership of the model was reverting back to the group who 
were in fact the designers of the conceptual model (Kotiadis et al 2014). For the purpose of keeping to 
the focus of the workshop, given the limited time available, the modelling team promised to make 
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these changes after the workshop and to re-circulate the results. Further proof that the modifications 
to the model did not diminish the stakeholders’ perception about the model can be found in the 
following extracts that show their reaction to the outputs of the base model (current situation): 
Project champion: “So well done with the model so far.” 
Project champion: “now for the purposes of the model, the model is fine”  
Project champion: “We’re all happy with the assumptions that are actually going in and out now, right? 
Other Stakeholder: “Yep” 
 
It was therefore deemed by the modelling team and the stakeholders that the workshop could 
continue beyond the initial validation with the understanding that the complete findings would be 
circulated following the workshop. The next activity focused on reaching consensus among the 
stakeholders on the importance they attached as a group to each performance indicator. 
Rating the performance measures  
Performance measures or indicators, are in fact some of the key model outputs. The aim was for the 
stakeholders to focus on the most important measures to ultimately narrow the solution space. These 
had been already identified by the stakeholders during pre-model coding (Kotiadis et al 2014), but had 
not been rated against each other to filter out the ones that were less important to the stakeholders. 
In this activity the participants were guided through a process to identify and negotiate the 
importance attached to each of the performance measures.  
The approach taken to complete this activity is influenced by multi-criteria decision analysis (MCDA) 
(Belton and Stewart 2002) and can alternatively utilise existing MCDA computer tools such as VISA 
software (http://www.visadecisions.com). The activity was guided by the Rating the Performance 
Measures Tool and its manual. This consists of  a value tree representing model results (performance 
measures) and the weight in terms of importance attached to each one by the stakeholders (Figure 2) 
built using the VISA software. The value tree was set up prior to the workshop using the performance 
measures that were identified in the pre-model coding workshops and during model coding. It should 
be noted that the modelling team had only recently started to learn and use VISA and to avoid any 
unexpected technical hitches and subsequent delays, prepared printouts of VISA outputs in advance. 
Nevertheless, the VISA software has the potential to be used live, if the modelling team is familiar with 
using it. The benefit of using VISA live in the workshop lies in that the results of different scenarios, 
can be connected with the agreed value tree in order to evaluate each scenario and to identify the 
most desirable and feasible scenario/(s). This is because the VISA software is compatible with the 
simulation software used (www.simul8.com) to develop the DES model. It is also entirely possible for 
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the approach to rate the performance measures using the paper-based tool (Table 1), without the 
VISA software and/or anonymously, as explained in the PartiSim toolbox (Kotiadis and Tako 2010). 
The facilitator asked the stakeholders to express their opinions about the importance of each 
performance measure, by weighing each one on a scale from zero to one hundred (Figure 2). During 
the validation part of the workshop, it had already become clear that the waiting lists were of high 
importance to all stakeholders, especially for the pharmacology and surgery clinics. The stakeholders 
on the whole agreed with the weights assigned prior to the workshop (Figure 2) so no changes were 
needed. 
 
Figure 2: Value tree rating performance measures of the obesity system using VISA software 
Debating desirable and feasible scenarios  
In this part of the workshop, the attention turned to identifying the solution space by exploring a 
number of scenarios. This activity can be carried out using the Debate Alternative Scenarios Tool and 
the guidance in its manual (Table 1). As a starting point, nine scenarios (one base and eight preliminary 
future scenarios) were brought in at the workshop, based on the information available to the 
modelling team from the pre-model coding stages and after pre-validating the simulation model with 
the project champion (sub-stage 4.a). In hindsight, eight future scenarios were far too many and about 
half were immediately declared as irrelevant by the stakeholder group. The relevant scenarios were 
observed with great interest by the participants. They observed and discussed the visual display of the 
model with patients progressing through the pathway under the different scenarios. 
Using the visual display in Simul8, where stakeholders could see the build-up of the waiting lists on the 
screen was a useful exercise that supported their understanding of the simulation model and initial 
scenarios. This helped the process of developing further future scenarios that were more relevant to 
the group of stakeholders. We had planned a separate brainstorming session to encourage 
stakeholders to suggest further scenarios that could be explored but this group were keen to suggest 
ideas while the scenarios were being presented. We did not modify the model to run new scenarios in 
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the workshop because of the time required to make the changes and undertake the statistical 
elements of experimentation (multiple runs, warm up time, t-tests etc.). 
The workshop ended by summarising the process and reinforcing the learning achieved. To aid this 
activity the facilitator had posed a number of open-ended questions during the workshop such as: 
• Do you find the information you have received so far (results of the model) useful for decision 
making?  
• Did you expect this result? 
• Do you feel the results give you decision making power? 
 
Some of the feedback at the end of the workshop included the following: 
 
“You’ve given us all the information we needed, or I needed.” [Stakeholder A] 
“Yeah, I think it’s going to help to better resource things and there’s the timescales as well so we know at what 
point things might happen …” [Stakeholder B] 
“It’s been extremely helpful for me to understand and what it’s done is it’s identified the scenarios, it’s given 
support to the scenarios that we all thought intuitively was right, but actually to see the numbers come out is 
extremely valuable. So one of the scenarios that we discussed was scenario 3, and we now know that that would 
be an absolute catastrophe …  and we know scenario 4 and scenario 8 are within our sort of stride. Good.” 
[Project champion] 
“For us, or anyway for me, the problem is that we have 500 people waiting to come and see us, that means GPs 
will stop referring to us, so you’ll have a natural decay in numbers of referrals, and if you have 449 people in … it 
will effectively crash our administrative support …” [Stakeholder C] 
4.4 Sub-stage 5.a (Post-workshop 3/ Pre-workshop 4) 
Following the workshop the model was updated in line with the stakeholders’ requests and the new 
scenarios were run. The results were sent to the stakeholders and in response a new set of scenarios 
were requested by the stakeholders to further narrow the solution space into a feasible and desirable 
region. The project champion had also requested that some extra scenarios should explore the 
staggered implementation of resources. Once the solution space was sufficiently explored and 
narrowed down a report was produced in close collaboration with the project champion to ensure 
that the language used was clear. The stakeholders were sent the report prior to the final workshop, 
which they had previously agreed to attend as part of the process. 
Apart from running the new scenarios and preparing the report (Table 1, Ouputs), the modelling team 
prepared for the next workshop, by designing a process to be followed, developed materials (e.g. 
slides, hand-outs) as well as the tools to be used to support the process. In addition, the modelling 
team ran a mock workshop amongst themselves in an attempt to improve the flow of activities and 
communication on the day.  
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4.5 Stage 6: Implementation of findings (Workshop 4) 
The final workshop of the study was dedicated to implementation. The workshop was organised with a 
slightly larger stakeholder group, approximately a dozen. Workshop 4 took place three months after 
the previous workshop, a comparatively longer time period than other PartiSim workshops, as it was 
felt paramount that all stakeholders, including the ones with decision-making power (the head of the 
surgical department) were able to attend.  The workshop was structured around three key aspects: 1) 
review of learning and changes implemented (during the study), 2) risks analysis and feasibility of 
change, 3) agree action plan. 
Reviewing learning and changes implemented 
The workshop started with a reminder about the aims of the study, refreshing stakeholders’ memory 
on what had been already accomplished. Robinson (2014) suggests that one of the main benefits of 
DES studies comes from the learning generated during the modelling process; yet the 
modellers/facilitator may need to intervene in creating awareness of the learning achieved. If the 
clients understand their problem situation and are given support in developing actions to address this, 
then they are more likely to implement the proposed solutions.  
The facilitator referred briefly to the problem statement, the objectives, provided a visual display (a 
picture) of the simulation model and a table with the feasible and desirable scenarios, including the 
experimental factors (inputs) and the final model results. The briefing was only aimed as a warm-up to 
the workshop as the report compiled after workshop 3 had been circulated almost a month in advance 
and most stakeholders had already read it. Nevertheless, comments and extensive discussion took 
place because the report put forward the scenarios and the results but did not explain the behaviour 
of the performance measures. The stakeholders delved deep into the reasons for which these results 
were achieved. For example: 
Stakeholder A: So how can this happen? I’m trying to understand. {referring to a result} 
Stakeholder B: How does that work? I don’t understand how that works {referring to a result}. 
Project Champion: It works by the number of referrals, when you cut your referrals down. So if you outsource 
[number purposely deleted] but you keep your referrals coming in at the same rate, you don’t change 
that.  
Facilitator: I completely understand what you’re saying. It’s because of how you introduce the resources in the 
second scenario. If you introduce the physician earlier by the amount that we’ve introduced it, what the 
physician does is they push loads of patients forward. 
Stakeholder A: Oh I see. 
Churchman and Schainblatt (1965, p73) in their seminal paper emphasise the need for such an 
understanding to be reached ‘For the proper communication to take place, the manager must 
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understand what the scientist is trying to do, why he does it and what he does. Here the problem of 
implementation is the education of the manager. After a successful implementation, the manager 
himself becomes “more of a scientist”.’ Some of the stakeholder discussions about the results included 
assertions about their expectations and beliefs about the system. By getting the stakeholders to 
articulate these, the modelling team gauged the impact of the study and the learning gained by the 
participants. Some examples include: 
 [The numbers are] Slightly worse than we expected. [workshop participant] 
I was very surprised that we actually, if we outsourced … [number purposely deleted] patients, it actually 
makes it worse. I think that was a real solution. I thought actually taking … [number purposely deleted] 
people out of the system would actually make the system better. Because it’s … my starting point has 
always been if we can clear the backlog and we can get the system in balance, that’s the solution. 
[project champion] 
Next, the stakeholders were prompted by the facilitator who used questions from a script (Identifying 
changes in the system, see Table 1) to report on any changes that might have already occurred in the 
system since the study started. From our communications with the stakeholders during the three 
month gap period between the two post-model coding workshops, we were made aware that 
additional surgical slots, equivalent to the addition of one surgeon, had been already introduced into 
the system following the first one. The model results demonstrated that this isolated implementation 
was found to be a poor decision because it led to bottlenecks when not combined with increases in 
other types of resources. The participants explained that it was a decision taken prior to the study and 
that the study would in fact influence the next decision they made. However, prior to the study we 
were told that there were no imminent changes to the resources. We relate this to the fact that 
learning is believed to occur gradually and the subjects themselves may not be aware of it happening 
as a result of changes in their system of beliefs and attitudes, used to make judgements (Ajzen, 1991). 
Their exposure to discussing their system could have meant that their understanding of their system 
had been building up as the study progressed. In hindsight, a more indirect way of identifying change 
of attitude would have been more appropriate, such as administering before and after questionnaires, 
recording stakeholders’ plans or any additions in their knowledge/ learning as the study went on 
(Monks et al 2014). When discussing the impact of the change already made to the system and in light 
of the scenarios previously shown, stakeholders commented that this was a pretty much quick fix of 
the waiting list for surgery: 
… we can now pretty much meet our steady state capacity, … so that is enabling us to, based on monthly 
referrals, keep the backlog as it is rather than grow larger. But we still have obviously this big balloon 
after … [clinic name deleted for confidentiality purposes] at the moment [meaning a large waiting list 
further up in the system]. [workshop participant] 
Stakeholders recognised that there was a large waiting list further up in the pathway with patients 
waiting to be referred for surgery. The discussion that followed indicated that stakeholders 
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understood that a more sustainable change needed to be implemented. This was clearly a learning 
point from the stakeholders’ point of view during the review session, which provided evidence of the 
impact of such a decision (adding more surgeons) on the rest of the system.  
Analysing risks and feasibility of change 
This part of the workshop focussed on the most desirable scenario, and aimed to explore the factors 
that may hinder implementing the changes required. For example, earlier on in the workshop physical 
space was identified as an issue for implementation of any scenario: 
Stakeholder A: I don’t think this is working. I think this system internally, for us, having a third surgeon here, the 
third surgeon, the issue is not really physically, in terms of surgery, it’s a case of space. 
Stakeholder B: Beds and space. 
Project Champion: We’ve assumed the space will just magically appear. 
<Laughter> 
The aim here is to narrow the solution to ideally one scenario that could be implemented. Out of the 
scenarios explored the third scenario was the best performing scenario for most performance 
measures. This was also the most preferred scenario by all stakeholders. The facilitator asked the 
stakeholders to consider how this scenario could be put in place and the inhibiting factors were 
discussed. It is recognised that factors such as psychological perceptions may hinder the stakeholders 
from taking action (Ajzen 1991).  
The facilitators used the Feasibility and risks scale Tool (figure 3) and its manual to identify the reasons 
for which this scenario was feasible and the reasons for which it was not feasible. The outcome was to 
weigh up its feasibility. The tool was designed prior to the workshop by the authors and the facilitator 
followed the process to construct it with the stakeholders.  All stakeholders were encouraged to 
contribute to the discussion. The facilitator put forward two columns, one for reasons supporting the 
feasibility of the scenario and the other for reasons against it and recorded on a flipchart. The points 
made were listed and the scale was constructed by drawing a slopping line, dipping in this case on the 
not feasible side of the scale. The scenario was deemed to be not feasible in the short term because of 
the timescale of adding new resources in the real system. In the real life system, a delay of a few 
months in introducing the additional resources would not guarantee its results. As the admissions and 
waiting lists in the real system would be increasing it would take longer to reach equilibrium in the 
system, where key targets are not breached. As a result of this analysis, it was accepted that scenario 
3 was not feasible mainly due to timing issues and a number of staggered scenarios that would 
ultimately lead to the same resources in the longer term were subsequently discussed.  
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Figure 3: Example of using the feasibility and risk scale Tool to analyse a scenario 
Agreeing an action trail 
With a preferred scenario in mind the participants next concentrated on other indirect resourcing 
issues such as: improving referrals so they are appropriate; a dedicated unit space and the need for 
new surgical theatres; exploring outsourcing some part of their work elsewhere (to a different 
provider) and the financial impact of such a decision. The facilitator used the Barriers to Change tool to 
lead this activity.  The stakeholders were invited to brainstorm and  to record relevant actions for 
change in the form provided (Figure 4). They were then invited to share their ideas in the group and 
debate followed. The forms were theirs to keep and take forward in a move to hand over 
implementation and action back to the stakeholders. Next, the actions to be taken were recorded in a 
separate form (Action and Communications Plan Tool Table 1) with specific due dates and person 
accountable (Output of Table 1).  
 
Figure 4 Recording  actions in the Barriers to change Tool 
 
 
 
 
 
 
 
 
Don't have 
facilities
Could work 
towards it
Feasible Not feasible 
Preferred Scenario Description: Scenario 3  
(3Surgeons & 2 Physicians) 
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The workshop came to an end with the facilitator asking the participants to comment on the 
modelling approach and process as well as to fill in a brief survey. An extract from the conversation 
follows: 
Project Champion: We’ve had good involvement. 
Facilitator: It doesn’t have to be good! [the extract follows from a series of positive comments so the facilitator is 
suggesting here that other less positive views can be expressed] 
<Laughter> 
Stakeholder A: I agree with … [name removed] in that I think we knew there was a problem, we knew where 
the problems were. What you’ve done is you’ve actually put it in black and white and we can actually 
see that it is clear, it’s there, and that we need to do something about it. But I think what it’s shown is 
every time we correct something, actually the problems work in [meaning the problem moves 
somewhere else]. 
Stakeholder B: It’s the quantification and the clarification of the problem, quantified and clear. This I would say 
will increase, you can put numbers, it’s quite an important thing to plan the resources… this process is 
proper process, this is the standard, proper process. You have a pathway and then you have a model and 
you validate the model in the workshop and see where the model ends up, so this process is a good 
process. There’s a good process there…. 
As an immediate outcome of this study the Trust decided to add more surgeons to the service instead 
of adding physicians alone. Following the workshops, the Centre involved and the Primary Care Trust, 
engaged into discussions about changing the local eligibility criteria for bariatric surgery, which 
eventually led to a reduction in the number of referrals to the centre. A decision to build a new 
operating theatre was also made as the management team realised that additional capacity was 
needed in order to achieve aspired service levels and operation volumes.  
5. Discussion 
The discussion that follows will reflect on the facilitation process and tools for the stages of 
experimentation and implementation by contrasting: PartiSim with other facilitated DES approaches; 
Facilitated DES with other facilitative OR approaches; Facilitated DES with expert mode DES. We will  
then address future work.   
5.1  PartiSim experimentation and implementation stages with other facilitated DES 
approaches 
Considering only facilitated post-model coding DES, we now compare PartiSim to other facilitated DES 
approaches, such as SimLean, (used in a healthcare context) and to the collaborative modelling 
approach followed in den Hengst et al (2007) (carried out in a different context, the airline industry).  
This comparison focuses on the post model coding process and tools used, with the view to 
establishing occurring trends in the existing practice of facilitated DES.  
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Following the development of the computer model (model coding), both SimLean and PartiSim have 
an activity dedicated to explaining the model to the workshop participants using the animation where 
stakeholders are encouraged to engage and ask questions. SimLean also has a phase focussed on 
validating the model and also seeking implementation with action being put forward at the end of 
their workshop. Considering the activities involved, we observe that PartiSim has a more structured 
sequence of activities, connected to specific outcomes and tools, whereas SimLean uses mainly the 
simulation model and some results, such as the distribution of queues to lead the discussion.  SimLean 
also appears to entail a much more focussed discussion on the computer model, than PartiSim. It is 
difficult to attribute a reason for this but it could be related to the fact that SimLean requires that 
approach to demonstrate Lean Improvements.  In PartiSim, after having validated the model and 
discussed the emerging queues, the stakeholders are coerced to think about alternative future 
scenarios. This is part of another activity where the scenarios and the relevant results are shown in a 
table format. Another aspect to consider is the fact that PartiSim can support the development of 
larger scale models compared to simple models in SimLean. However from our experience, a medium 
to a simple scale model is recommended to enable the stakeholders to digest the information in a 
workshop setting. 
When comparing the post model coding process to den Hengst et al (2007) we again note similarities 
and differences to PartiSim’s post-model coding approach. One key similarity is about handling the 
validity of the computer model. Den Hengst et al (2007) report that their model was not deemed to be 
valid and further extensions to the model were asked. This led to a second round of validation. In 
PartiSim (Kotiadis and Tako 2010) there is also an option to undertake a second experimentation 
workshop should the model be found to be invalid or not accepted by the stakeholders.  
We will now consider a difference with den Hengst et al (2007), which relates to the importance 
placed on the pre-model coding stages. Den Hengst et al (2007) note some degree of disappointment 
from some stakeholders about the level of detail in the representation of their problem. They suggest 
the reason for this is that their stakeholders were not comfortable with simplification even though 
some were aware of the need for it within simulation. One other possibility (in our opinion) is that the 
pre-model coding (one stage) was not enough for the modelling team and the stakeholder team to 
gain a relationship of trust. Den Hengst et al (2007) also note that during their equivalent to our 
experimentation stage (exploring alternatives) the CEO questioned the validity of the results, even 
though two data experts deemed them to be sound. However in a later stage the CEO expresses trust 
in the model and the results, suggesting that he needed time to get ‘on board’. PartiSim’s extra pre-
model coding stages (discussed earlier in the overview of the PartiSim experimentation and 
implementation stages) may have an impact on the post model coding stages and particularly on 
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validation (Monks et al 2014; 2016). In a similar vein, a GMB study claims that the strongest learning 
effect comes from being actively involved in formulating mental models rather than from passively 
reading or listening (Fokkinga et al 2009). Of course there are not enough case studies of either 
approach to gain a better insight into the effect of pre-model coding facilitation on post-model coding 
facilitation. Also the difference here could be attributed to cultural issues relating to either industry 
(Kotiadis and Mingers, 2006).   
One key similarity that Den Hengst et al (2007) have with PartiSim’s post-model coding facilitation is 
the implementation stage or as they refer to it: choosing a direction. Clearly both approaches value 
the notion of a separate and focussed workshop on moving scenarios towards action. Similarly to 
PartiSim, their chosen scenario was not necessarily the optimum one but one that met the needs of 
the group. Both approaches have at their core a divergence (e.g. brainstorming) and convergence (e.g. 
narrowing the selection) principle, which den Hengst et al (2007) detail throughout their case study 
description.      
Considering now the use of tools during the post-model coding stages, neither SimLean (Robinson et al 
2014) nor den Hengst et al (2007) put forward facilitation tools to meet specific workshop activities. 
PartiSim’s post-model coding tools, like GSS used by Hengst et al (2007), are aimed at supporting the 
above mentioned patterns of collaboration that will ultimately lead to each workshop’s output. From 
our experience, using the tools helped the stakeholders to engage in the workshop activities and to 
alternate between developing divergence (e.g. in Table 1: Debating the solution space tool, Barriers to 
Change tool) and/or convergence (e.g. in Table 1: feasibility and risks scale Tool, Rating the 
Performance Measures tool) during the workshop. Divergence is concerned with opening out the 
issue, and convergence with arriving at agreeable actions (Morton et al 2003; 2007). However these 
do not always offer anonymity or parallel input because that would require equipment and/or 
software for each participating member, which may not be available. The idea in PartiSim is that tools 
should be supported by one laptop operated by a member of the modelling team. However, future 
case studies may find these tools unnecessary or lead to the development of new ones.   
Some preliminary conclusions from the above comparisons are that facilitated DES case studies 
demonstrate similarities and differences with respect to the stages followed and the activities within a 
workshop. The comparison has also revealed that the context is not necessarily responsible for 
similarities or differences in facilitated DES. However in all three case studies we find evidence of 
participation and acceptance of the model and its findings ranging from immediate to gradual. 
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5.2 Facilitated experimentation and implementation in other modelling 
approaches 
We now look at experimentation and implementation in other facilitated modelling approaches, 
beyond simulation. These consist of GMB, MCDA and SSM. These methodologies are deployed 
through facilitated workshops (Franco and Montibeller 2010) and lend themselves to the post-model 
coding stages discussed in this paper. SSM does not have tools to support experimentation with its 
model but the methodology guides towards feasible and desirable solutions and its practice is much 
more explicit about recording action. Hence we adopted and adapted SSM common practice to design 
the Action and Communication Plan Tool (table 1). However facilitated SSM may benefit from the idea 
of standardising the recording of action and putting forward a tool such as PartiSim’s. Indeed SSM has 
many tools (e.g CATWOE) that might also benefit from manuals or scripts focussed on workshop 
interactions rather than course text books that are more general in their descriptions.    
We now consider Multi-Criteria Decision Analysis (MCDA) and facilitated decision analysis. Facilitated 
decision analysis (Franco and Montibeller 2010) uses a set of methods such as MCDA  to model 
decisions that involve multiple objectives and/or uncertainty of outcomes (Belton and Stewart, 2002; 
Montibeller and Franco 2011). This is relevant to the later PartiSim stages and particularly the 
experimentation stage of PartiSim which involves considering different options (scenarios) and 
outcomes.  As explained earlier in sections 3.1 and 4.3, in PartiSim it is possible to use  existing MCDA 
computer tools such as VISA software (http://www.visadecisions.com) to explore scenarios and their 
results. The activity is guided by the Rating the Performance Measures Tool and its manual. However 
the deployment of MCDA is much more limited in PartiSim  because it cannot be guaranteed that the 
criteria chosen by the group to judge the simulation outputs are independent which are required in 
order to develop independent value functions (Montibeller and Franco 2007. Hence we use MCDA at 
an exploratory level to get an understanding of the performance of scenarios. Franco and Montibeller 
(2010) note that methodologies such as Decision Analysis require a stricter specification of variables 
than qualitative modelling. The same is noted in Brito et al 2012. One could infer from this that a more 
complete deployment could lengthen the workshop without necessarily adding value to the activities 
scheduled.     
When comparing other facilitated modelling approaches, such as the established GMB with the 
emerging facilitated DES approaches and in particular PartiSim the opportunities for cross fertilisation 
are unclear. One question that could be asked is what aspects can be adopted or adapted from GMB 
practice and what aspects are unique to their respective approach to simulation of SD and DES.  With 
relevance to experimentation, the GMB scripts refer to the review of the progress made at previous 
meetings as well as scripts designed to facilitate experimentation with a formal simulation model to 
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discover options for policy development (Hovmand et al 2012, Vennix 1996; Andersen and Richardson 
1997). Considering the overall purpose of the scripts they seem to have similar aims. Similarly the 
analysis of scenarios and results require quantitative analysis that is not feasible to undertake in 
workshops with the stakeholders (Vennix 1996). However, as discussed in the background section DES 
and SD provide different model representations (structures) of the system and also take a different 
modelling approach, which means that the specific activities involved with model validation and 
experimentation differ in nature.  
A more recent attempt to formalise GMB scripts (Andersen and Richardson 1997; Hovmand et al 2012) 
is Scriptapedia (Scriptapedia, 2012), an online handbook developed to provide a platform for expert 
GMB modellers to share their practices with other SD modellers. This handbook is open to expert GMB 
modellers to add their contributions. Scriptapedia is organised around themes and is more flexible for 
modellers to choose amongst different available scripts for use in the same modelling session, 
whereas PartiSim is organised around the modelling stages followed in an intervention, with the view 
to guiding the modeller during a modelling project. Both address the needs of their respective 
audience. While Scriptapedia is the result of efforts made to collate existing GMB practice by different 
expert GMB modellers so far, PartiSim was developed by one team of researchers (the authors), with 
the view to providing guidance and tools to support the modelling and facilitation process. The final 
PartiSim process and tools were tested and then amended based on our experience of using them in 
practice. Furthermore, it should be noted that facilitated DES is in its early stages, and PartiSim is the 
first approach that, apart from defining the process followed, it includes tools and manuals to guide 
the modelling process. For this reason there is only one alternative tool available to use in each stage. 
With time we hope that more tools will be available to use in different stages as researchers or 
practitioners modify or adapt existing tools or even propose different ones.  
Considering more specifically the GMB scripts on Scriptapedia, we notice that most of the scripts refer 
to developing causal loop diagrams or process mapping which are either relevant to conceptual 
modelling (pre-model coding) or not fully transferrable to DES modelling due to different formal 
models developed in each approach. There are however other scripts, such as team working or action 
ideas scripts (Scriptapedia, 2012) that could be adapted for use in facilitated experimentation and/or 
implementation DES. At the same time the PartiSim implementation tools and scripts could be also 
adapted for use in GMB interventions. In time we expect that more ground for cross-fertilisation of 
ideas as PartiSim and general facilitated DES practice evolve, as well as Scriptaepedia.  
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5.3 Reflecting on facilitated versus expert mode experimentation and 
implementation in DES  
We now contrast a facilitated mode of practice in DES to the expert mode, focusing particularly on the 
post-model coding process, with the view to identifying the elements that facilitation brings to DES 
modelling. One assumption in expert mode relating to the experimentation stage or OR modelling in 
general is that clients want optimal solutions (Franco and Montibeller 2010). In our facilitated 
workshops our clients chose satisficing solutions over optimal ones which is in line with other 
facilitated OR approaches (Franco and Montibeller 2010). Indeed during the  implementation 
workshop described, the stakeholders explored the feasibility of the preferred scenario rather than 
simply focussing on the improved performance measures. The experimentation phase in expert mode 
DES as explained in the background section is much more focussed on statistical aspects (Robinson 
2014), which cannot be undertaken in workshops as they are deemed to be too technical (for the 
stakeholders to engage with) and also time consuming. Instead, interactive experimentation can be 
undertaken during the workshop, where stakeholders can see the outcomes of changes in the model 
as a result of changes introduced in the input variables. However in some cases, and it was so in our 
case, implementing certain scenarios may require further modelling which may not be possible to be 
undertaken in the workshop, which can limit the extent of experimentation to some predefined 
scenarios. The modelling team can complete the new scenarios outside of the workshop and share the 
results with the stakeholders after the workshop or at the next workshop.  One might argue that this 
stage is not yet fully facilitated because full exploration of the solution space does not take place in 
the workshop. This can be overcome if the models are built with a flexible interface wich allows for 
input parameters to be entered to allow for experimentation at different levels of the input variables. 
However this requires for the modeller to have identified in advance, prior to the workshop the 
parameters or variables that can be modified with the scenarios to be tested. This may not always be 
possible and it depends on the accessibility and amount of interactions with the stakeholder team 
outside of the workshops.  Hence it is not expected that all possible scenarios will have been explored 
within the experimentation workshop. 
An expert mode DES view related to the implementation stage is that implementation of scientifically-
based analysis is straightforward yet we have evidence in the literature to the contrary with many 
studies reporting a lack of implementation of the findings (Brailsford and Vissers 2010; Fone et al 
2003; Young et al 2009). On the other hand an assumption of a facilitated mode is that participation 
increases commitment for implementation (Franco and Montibeller (2010). In the PartSim approach 
which we have followed, stakeholders attend a series of workshops (four) to ensure that by the end of 
the study, they are able to take ownership of the model and its findings because of their involvement. 
Furthermore, in the implementation workshop stakeholders were put through a process to move the 
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focus away from the simulation model towards identifying an action trail for change. Separating out 
this workshop, amongst other things, demonstrates to the stakeholders the importance placed on 
implementation. All in all, from our experience of PartiSim, the facilitated aspect of modelling has 
provided a forum where model results are discussed between the analyst and stakeholder team and 
furthermore subsequent actions to be taken are co-produced, with the latter taking ownership. 
5.4 Future work 
In line with our contribution we initially propose that more facilitated DES case studies are reported 
that explain the activities followed within a workshop. We propose that workshop interactions are 
analysed in more detail so that we can learn from these experiences. Specific to workshops on 
experimentation, further research could focus on understanding how groups identify what scenarios 
are taken forward. Do groups choose the optimum scenario or the most desirable one? Our case study 
and den Hengst et al (2007) select the scenario to be taken forward based on what is considered by 
the group to be desirable rather than optimum. In den Hengst et al (2007), desirability was a case of 
low risk and in our case study it was a case of realistic implementation of resources. The implications 
of this, could be that analytical methods commonly used in traditional (expert) mode DES during 
experimentation should not guide the process of generating a solution space in facilitated DES. 
Another issue relating to experimentation that needs further research is whether existing simulation 
software is amenable to facilitated DES. Both this case study and Robinson et al (2014) use SIMUL8, 
with no reported problems, yet den Hengst et al (2007) who built a bigger scale model use Automod 
suggest it was too reliant on programming.  
Additionally the facilitated DES community would benefit from a debate about the meaning of 
implementation for facilitated DES that will ultimately lead to agreement on a definition. We also 
propose exploring learning in facilitated DES as it is said to occur gradually during the intervention and 
the subjects themselves may not be aware of it happening as it changes the system of beliefs and 
attitudes, used to make judgements (Nisbett and Wilson 1977; Ajzen 1991; Rouwette 2011). Further 
research is currently being undertaken analysing our recorded workshop materials (from the current 
and subsequent interventions) to identify whether divergent (e.g. facilitator helps participants think 
about their objectives and develop creative and feasible solutions) and convergent (e.g. facilitator 
helps participants’ converge best ideas into options and then to action plan) (Kaner 2007; Franco and 
Montibeller 2010) thinking processes take place and/or the presence of human emotion and distress 
(Taket 2002) in the workshops.  
We also propose exploring the idea of Pick and Mix. This means combining tools or a workshop 
process from one line of research e.g. PartiSim with other lines of research even outside the 
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healthcare context. For example can the post-model coding approach in PartiSim be used with a 
different pre-model coding approach? Similarly we encourage the exploration and development of 
alternative facilitated DES tools that can further improve stakeholder engagement and the process 
followed to achieve workshop outputs.  GMB practice can be explored more to identify ways of 
applying in facilitated DES and particulary for the implementation stage. Also cross methodological 
discussions on facilitated research might also consider the extent of the information detailed in a 
script or manual and consider the level of detail needed to advice facilitators in undertaking facilitated 
activities. Furthermore, the idea of utilising simulation models beyond the implementation workshop, 
in the form of role play sessions/workshops, for training and learning purposes for example could be 
explored. Existing theory from serious gaming (Daalen et al 2014, Platts 1994) and SD microworlds 
(Vennix 1996, Morecroft 1989) can be utilised to inform such extensions. Franco and Montibeller 
(2010) also suggest a generalisation of best model-based facilitation practices. 
The experimentation stage in PartiSim would benefit from being developed further so it is not limited 
by the time required to alter the computer model during workshops. This could be aided through 
further advances of the model coding stage (Proudlove et al 2017). With regard to the same stage, 
facilitated DES modelling teams could benefit from a greater involvement of an MCDA expert to 
enable a better combination of facilitated DES practice with MCDA and overcome issues around the 
flexibility of the modelling rules being deployed (Franco and Montibeller 2010). Other approaches in 
facilitated decision analysis (Franco and Montibeller 2010) could also be explored for the post-model 
coding stages in facilitated DES. Indeed more examples are needed between PSMs and facilitated DES 
to establish what advantages each PSM can bring to this mode of practice.  
With respect to the PartiSim process, we reckon that it needs to be repeated several times to make 
any further claims about its benefits. Also future research could consider if it is as useful in other 
contexts beyond healthcare. Ideally this should be done by analysts other than the original developers.  
6. Conclusion 
The paper put forward a real case to describe the post-model coding process and tools to attain 
specific outputs for facilitated group experimentation and decision making when using the PartiSim 
framework. This is another step towards understanding facilitated DES. To our knowledge so far of the 
existing facilitated practice, PartiSim is the only DES approach that has developed tools aimed at 
supporting the specific activities in workshops. The paper puts forward an extensive line of proposed 
research in a bid to encourage other DES groups to enter this line of research and to encourage those 
already publishing in this line to engage in a dialogue over differences and commonalities.  
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